Because of increase in application of biological processes in wastewater treatment plants the amount of sludge produced by them is increasing rapidly. Therefore finding new sludge reduction technologies in wastewater treatment plants is very important. Nowadays ultrasound waves have an increase rate of application in full scale in wastewater industry. The most important advantages of ultrasound waves are such as: No sludge production, ease of use, increasing the biogas production, contributing to dewatering, no secondary pollution and degradation of complex materials into simpler substances. In this research, different applications of ultrasound waves in wastewater and sludge treatment and improving dewaterabilty of sludge is investigated.
Nowadays Large scales of waste sludge are produced in wastewater treatment plants and therefore many technical problems arise from treating and disposing this sludge (Turovskiy, 2006; Metcalf & Eddy, 2003) .
There are several methods for treating this sludge including physical, chemical and biological processes that this research is working on of the physical methods that helps the treatment of sludge by producing ultrasound waves. Ultrasonic wave is effective on the hydrolysis and improvement of biological degradation of various organic compounds in dairy industry and aerobic digestion in activated sludge (Foladori et al., 2010; Show et al., 2007) . Due to high detention times for the stabilization and difficulties in sludge dewatering, sludge digestion requires the application of other methods in order to reduce the detention time and neglect any limitation and finally decrease the operation and maintenance costs. Ultrasonic process increases the enzymatic activity and thus decreases the detention time and time of hydrolysis which is a limiting factor in digestion process (Huan et al., 2009; Chisti, 2003) .
The aim of this research is to determine the effect of ultrasound in improving dewatering and other applications of it in wastewater treatment.
CAVITATION
The movement of waves in aquatic environment causes molecules fluctuation and lead to contraction and expansion cycle (Stack et al., 2003; Kumar and Grieser, 1991) . In contraction cycle, the average distance between molecules decreases and in expansion cycles these distances are increased. If adequate pressure in expansion area induces the aquatic environment, the average distance between molecules exceed the critical distance and causes the liquid to dispersed and make cavitations bubbles. When these bubbles formed, they grow and adsorb energy. The bubbles' surface increase and decrease by expansion and contraction. The bubble's surface in each expansion cycle increases until it reaches to a critical point and cannot absorb any more energy; therefore, it explodes (Mohammadi et al., 2011). The fluctuations and high pressure gas in bubbles, a phenomenon such as ionization occur which leads to free radicals and radical aggregation in liquid. These radicals can make various chemical compositions (Parag, 2003; Pierre, 2000) . Fig. 1 shows the process of bubble formation (Yan et al., 2010). 
APPLICATION OF ULTRA-SOUND IN WASTEWATER TREATMENT
In this section the effect of ultrasonic process on different contaminants will be assessed.
Treatment of organic pollution
In an investigation, the effluent of coal plant with an initial COD around 807 mg/l and pH of 8.17 is experimented. The reaction time is considered 240 minutes and wastewater is treated by activated sludge and ultrasound. In this process air is selected as a saturated gas. Aeration is performed through Ultrasonic irradiation and ultrasound which power and density were 119.4 and 90 KW/m3, respectively. Results indicated that saturated gas in the sample in ultrasonic irradiation process is an optimal condition for the degradation. Combined activated sludge and ultrasonic strongly increases the COD removal. In this case, COD removal efficiency is increased from 48.29% to 80.54%. Moreover, when 0.3 mol/l iron sulfate is added to this process, the removal efficiency reaches to 95.74% that is 63.49% higher than using activated sludge alone (Ning et al., 2004).
The application of ultrasonic waves in the dairy process
Ultrasonic waves cause break down in organic compounds which resistant to biological treatment and change them to soluble and colloidal phase. Moreover, Ultrasonic waves cause increasing in easily degradable organic compounds and decreasing in neutral organic compounds. By converting suspension COD to soluble COD biological treatment is more improved, since nutrients are more accessible for microorganisms.
In an experiment by Mehrdadi et al., the effect of ultrasonic waves on changing soluble COD is assessed in order to evaluate the improvement of biological treatment. The operation frequency is 20 KHz and the power is 1000 W. all the three samples are assessed in 300, 600 and 900 W and 60, 120, 240 and 480 seconds as retention time. The depth of submergence of the probe and the volume of the sonificated samples are significant in equipment inspections. The depth of submergence of the probe and sample volume is selected 10 mm and 500 cc, respectively. After analysis based on the standard methods, soluble COD increased to 51.8% in 300 W power and 480 seconds. Therefore, ultrasonic waves can be used as a pretreatment for biological treatment. Finally, this technique can be used for high level treatment in order to reuse effluent and decrease the costs (Mehrdadi et al., 2010).
TOC and THMFP reduction by ultrasonic radiation in wastewater
The effect of ultrasonic process on TOC and Trihalomethanes forming are assessed in chlorination. Fe and Mg ions act as catalyst while AL, Kd, Mn are barriers for TOC removal. Indexes such as H2O2, turbidity and concentration for metal ions must be considered. H2O2 make radicals. Ultrasonic radiation in aquatic environment produces H2O2 but this production is not sufficient for humus decomposition in effluent. In order to make reactions rapid, a little H2O2 must be added. Ultrasonic radiation with increasing H2O2 dosage cause more TOC removal. In fact, after 120 minute, more than 30% TOC of can be removed by Ultrasonic radiation and 10 mm H2O2. Ultrasonic radiation combined with H2O2, reduce the Trihalomethanes. Some of the researchers believe that ultrasonic radiation together with H2O2 cause the reaction rate to be increased. Moreover, these combinations make low TOC concentration and so colorized by products are reduced (Kim et al., 2002). The TOC reduction rate is depended to the amount of H2O2, but the increasing turbidity cause reduction in TOC removal. Results indicate that the amount of hydrogen peroxide plays a significant role on disinfection by products (Neis et al., 2011).
APPLICATION OF ULTRA-SOUND WAVES IN SLUDGE DEWATERING
The sludge should be stabilized for safe utilization and disposal in environment. In large wastewater treatment plants high quantities of sludge are produced. Therefore, prior to disposal, solids must be processed for dewatering and reduction of its volatile solids. The processes prior to sludge disposal are thickening, dewatering and stabilization. Dewatering of sludge is reducing transfer and disposal costs. Typical methods for dewatering are filtering, centrifuge, drying sludge bed and lagoons. At the present time, sludge undergoes many important technical challenges and about 50% of the investments and operation costs are associated with sludge treatment (Adewuyi, 2005; Hengyi et al., 2009).
Chemicals and polyelectrolyte are typically added to sludge in order to improve dewaterability. The addition of polyelectrolyte to sludge is presently the most widely used pretreatment in wastewater treatment plants (WWTP). The addition of polyelectrolyte, however, increases costs and may also cause secondary environmental pollution. Thus, various alternative methods have been proposed to improve sludge dewaterability, including the addition of acids and surfactants, Fenton's reagent pretreatment, ultrasonication, and ultra-rapid freezing. Among these methods, ultrasonication is an efficient tool for sludge disintegration and improving sludge biodegradability, and it is generally regarded as a useful method for enhancing sludge dewaterability because it's an environmental friendly process (Xuan et al. Ultrasonic energy was reported useful to dewater suspensions such as slurries and sludge in many articles. In fact, ultrasonic stresses produce a kind of sponge effect and facilitate the migration of moisture through natural channels or other channels created by wave propagation. Other ultrasonic effects such as acoustic streaming, local heating, interface instabilities, agitation and cavitation may also be beneficial for solid/liquid separation. Scientists detected that the effect of high power acoustic treatment, at 10 to 20 kHz, could be used to improve solid/liquid separation in cake filtration processes. In liquid suspension the agglomeration process was not as efficient as in gas suspension. The radiation pressure seems to be the most relevant effect in liquid suspensions in order to agglomerate particles or at least to put them together. The presence of polar medium such as water can give a negative influence on the formation and stability of the aggregate of fine particles. In fact, most particulate substances acquire a surface electric charge when placed in contact with water, generating dispersion forces opposite to the acoustic agglomeration ones The application of ultrasonic waves to the sludge significantly reduced its viscosity and particle size, while its capillary suction time was increased. Nevertheless, ultrasonication treatment improved the dewatering process by increasing the total solid content of the sludge The effect of ultrasonication on sludge dewaterability was subjected to energy dosages. Each energy dosage led to a different dewatering result. Low energy dosage slightly enhanced sludge dewaterability, while highenergy dosage significantly deteriorated sludge dewaterability. Treatment with 800 KJ/Kg TS was determined to be the optimal energy dosage for optimal results. Increasing EPS concentration and decreasing particle size were determined to be the major reasons for the observed changes in sludge dewaterability. The optimal energy dosage generated sludge with optimal EPS concentration and particle size distribution 
CONCLUSION
Since the energy consumption is very high for total mineralization of contaminants, the ultrasonic process could be used as a pre-oxidation and it can be used in the direct treatment of concentrated wastewater before it treated in the biological units.
The results of the researches that had been done in most cases where ultrasound was used for wastewater treatment showed that ultrasound procedure does not eliminate pollutants, but cause changes in complex molecules and turn them into simple molecules; so these suspended materials that turned into a state of dissolved can be by Microorganisms in the next step. Because most microorganisms cannot consume suspended substance and just few of them have the ability to secrete enzymes for hydrolysis of suspended solids.
Finally, ultrasound can be used to reduce sludge volume by 50%. About half of the cell volume is consist of water therefore by applying ultrasonic waves, cell wall breaks and the water is pours out and nutrients in the cells that now are in the water can be removed and used with the microorganisms.
